Abstract. Steady solutions of the Euler equations are calculated for an infinite array of vortices, consisting of two staggered parallel rows of identical vortices of finite area and uniform vorticity. These models are similar to the "vortex streets" studied theoretically by yon Kfirmfin and others, except that here vortices of finite rather than infinitesimal area are employed.
1. Introduction. For a certain range of Reynolds number, a regular pattern of vortices is observed in the wake of a two-dimensional blunt body placed in a uniform stream. In his classic work, von Kfirmfin modeled the problem with an infinite street of point vortices (see Kfirmfin [4] , [5] , Kfirmfin and Rubach [6] ). This approximate approach has several limitations, among which are the infinite kinetic energy and difficulty in fitting the model to flow past a body.
To improve the model, the vortices are herein allowed to be of finite area, but uniform vorticity. An integrodifferential equation is then solved to obtain the steady shapes of the vortices. This paper is a report of the first part of a study of the wake flow problem, and describes only properties of the steady solutions for the infinite vortex array. Subsequent papers will report on a stability analysis of the steady states, and on relating this model to the wake flow problem. (for values other than 0 and 0.5 and for the symmetric periodic cases considered here, the street does not move parallel to itself; see Rosenhead [9] (z z') dz' + Us.
The requirement that the velocity field be tangent to the boundary of the vortices then determines the steady shapes of the vortices, apart from the scaling, as a function of the three dimensionless parameters d/ tz, h/ =-K, and A/ 2 =-a.
To simplify the calculations, the vortices in the two rows are assumed to have identical shapes, differing only in position and orientation. There are two reasonable choices of symmetry: invariance to reflection about the line y =-hi2 (the streamwise axis centered between the two rows) and a suitable x translation, and similarly with an additional reflection about x 0 (the vertical axis of one of the vortices). In both cases, itis sufficient to satisfy (2.2) 
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The resulting 2N + 4 real equations for the 2N + 2 unknowns are not independent and the problem is handled by using the trick (Chen and Saffman [1] ) of solving (3.4) combined with the 2N + 1 equations which arise from the discretization of (3.6) Im -s(U + iv) -+-fl (9) . +f2 (9))7 0, where fl and f2 are more or less arbitrary nontrivial functions chosen to ensure that the Jacobian of the system is nonzero for the solutions that satisfy (3.5). /' for the exact problem, accompanied by the corresponding results for the circular vortex approximation. The curves were traced by using as continuation parameter the quantity a which is the ratio of the x semi-axis of the vortices to I. As is evident in Fig. 5 , a solution of simultaneous maximum area and minimum energy exists for each x in accordance with Kelvin's variational principle for the steady states (Saffman and Szeto [10] ). This limit is a contour in the (, ct) plane, as depicted by curve 1 in Fig. 6 . For roughly > 0.36, further increase in a results in a decrease in area and increase in energy, up to the point a 0.5, where the vortices in each row touch. This limiting case is depicted by curve 2 in Fig. 6 . Thus, between curves 1 and 2 there are two different configurations for a given (, a). Presumably, the solution curves could be continued beyond a 0.5 by considering two adjacent distorted vortex layers in place of discrete vortices, but this was not done. Similar behavior has been observed for the linear vortex array, which in fact corresponds to the limit x--, oo (Saffman and Szeto [10] check that this phenomenon was not dependent on the choice of the horizontal semi-axis for continuation, the vertical semi-axes were also used as continuation parameters. In all cases, the numerical evidence indicates that as the vortex size increases, vortices in each row protrude between vortices in the other row, and the solutions branches terminate when vortices in opposite rows approach and finally meet.
Here there is no turnaround in area or energy, but maximum area and minimum energy occur at the limiting point of the solution branch. This behavior is similar to that observed for a pair of counter-rotating vortices as studied by Pierrehumbert [7] . The calculations for x < 0.36 and for large area were costly, and an accurate calculation of the limiting case was not attempted. For this region, the corresponding segment of curve 1 in Fig. 6 should be regarded as a lower bound.
.5 A geometric observation of relevance is that for small areas and for K > 0.36485, the vortices are longer in the streamwise direction than in the transverse, and the converse for x less than this critical value. The exact dividing value for infinitesimal area is the solution to cosh 2 rx 3, which may be demonstrated using an elliptical vortex approximation (as has been applied to the linear vortex array; see Sattman and Szeto [10] where the arg function is taken so that the integrand is 2-periodic.
For the second numerical scheme, Ro was approximated by a fourth order centered finite difference formula, and z then obtained from this. Hence, the integrals were approximated to third order. Appendix B. Energy calculation. The calculation of the kinetic energy for the infinite vortex street proceeds nearly identically as for the infinite linear array (Saffman and Szeto [10] ). The result (with unit density) may be written Here (R, 0) are polar coordinates with origin at the centroid of the prime vortex, and X is the integrand in (2.1) that gives the value of the stream function at the origin, after combining the integrals; that is, Ol x dA.
The functional form of depends on the symmetry presumed to exist between the two rows of the street. The actual function that was used in these calculations is 
